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● Thanks to the advent of VHR (sub-kilometric) 
NWP, we can start analysing specific convective 
activity features.

● At sub-kilometric resolutions, convective 
phenomena and features begin to be explicitly 
represented.

● Indeed, at VHR doubts arise regarding the use 
or not of shallow-convective squemes; a 
solution of scale-aware squeme has been 
proposed.

● Therefore, a window of opportunity for other 
kind of verification methods emerge --> 
--> Lagrangian’s point of view.
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● Using a tracking framework for the analysis 
allows us to investigate the representation of 
convective clouds in the model.

● In this framework, the development of 
individual clouds is considered within the 
population of clouds into account, as opposed 
to relying on temporal and spatial statistics 
(Eulerian-based) of the cloud field. 

● Using the same tracking framework for both 
model and observation data allows for a more 
robust comparison between them.
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● It helps to:
● Verify NWP simulations with satellite and radar data.

● Evaluate statistics of convective activity, the frequency, the number, 
the behaviour of their life cycle, etc…

● Convective storms. 

● Modes of convective storms:
● Convective storms with high precipitation rate (BTs+precip).

● Convective storms with high reflectivity (BTs+radar reflec).

● Convective storms with high lightning activity (BTs+lightning).

● Supercells, MCSs, MCCs, squall lines, derechos.

● Convective initiation.
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● Methods for cloud tracking are gaining importance in the analysis of 
model simulations.

● Here we use the TOBAC method --> Tracking and Object-Based Analysis of 
Clouds:
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● tobac is a Python package to identify, track and analyze clouds in different 
types of gridded datasets, such as 3D model output from cloud-resolving 
model simulations or 2D data from satellite retrievals.

● The software is set up in a modular way to include different algorithms for 
feature identification, tracking, and analyses. 

● tobac is also input variable agnostic and doesn’t rely on specific input 
variables, nor a specific grid to work.

● An associated volume can then be determined using these features with a 
separate (or identical) time-varying 2D or 3D field and a threshold. 

● The identified objects are linked into consistent trajectories representing the 
cloud over its lifecycle in the tracking step. 

● Analysis and visualization methods are provided in a convenient way to use 
and display the tracking results.

Juan Jesus Gonzalez Aleman - EWGLAM, 30-3 Oct 2024, Prague

Lagrangian evaluation of convective activity in VHR



● tobac - Tracking and Object-Based Analysis of Clouds:
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● Verification of convective initiation (CI) with satellite and 
reflectivity data:
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● Verification of convective initiation (CI) with satellite and radar 
data:
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● Tracked cells animation:
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Brightness Temperature (K)



● Tracked cell (nº 392) example: 
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brightness temperature (K; grey 
shading)

reflectivity (colour shading) 
plotted over the cell assigned 
domain
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● All tracked cells
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Cell number / nº time steps Cell number / nº time steps Cell number / nº time steps

2.5 km                                              500 m                                                    OBS  
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● All tracked and filtered (CI) convective cells: 
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All CI
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CI occurs when a refl > 35 dBZ within cell domain



● All tracked and filtered (CI) convective cells: 
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All

CI

Model ~2.5 km                         Model ~500 m OBS  

Lagrangian evaluation of convective activity in VHR - RESULTS



Juan Jesus Gonzalez Aleman - EWGLAM, 30-3 Oct 2024, Prague

2.5 km 
500 m 
OBS  
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nº of cells with CI                              % of sky covered by cells with CI

*Not to derive scientific conclusions yet
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Minimum BT for cells with CI at each hour

2.5 km 
500 m 
OBS  

*Not to derive scientific conclusions yet
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Probability density functions 
for BT within cells with CI 

domain at different time step

2.5 km 
500 m 
OBS  

*Not to derive scientific conclusions yet
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All

CI
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CI cell size (nº of grid points)

2.5 km 
500 m 
OBS  

*Not to derive scientific conclusions yet
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Temporal evolution of min BT within CI cell domain 
(time with respect CI start)

*Not to derive scientific conclusions yet
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● Test of a could tracking 
methodology to evaluate 
convective activity in models, 
focused on convective 
initiation.

● The method is able to study 
and characterize convective 
activity.

● The method is useful for 
evaluating convective activity 
behaviour and verify from 
object and Lagrangian point 
of view.
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● Further testing of 
parameters associated with 
the tracker to get reliable 
convective cells.

● Test shallow convective 
schemes with this 
methodology.

● Test DDH (tool for physics 
understanding) following 
the cells.

● Analyse other metrics and 
convective modes.

Lagrangian evaluation of convective activity in VHR – FUTURE WORK



Thanks for your attention

Juan Jesús González Alemán
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